[1] The number of quartz and feldspar rich surfaces identified in northwestern Syrtis Major has been extended beyond previously reported results to a region of about 230 by 125 km. Thermal Emission Imaging System infrared data were used to locate surfaces spectrally identical to previously reported central peak units in Syrtis Major. These surfaces are indicative of the production of highly differentiated magmas. Though it is possible that the granitoid exposures add to the variety of igneous compositions associated with the Syrtis Major volcanic construct, the geologic context of these exposures suggests a formation that predates Syrtis Major.
Introduction
[2] A variety of igneous compositions are present on Mars. Martian Meteorites and remote sensing indicate that much of the crust may be composed of mafic compositions [e.g., Singer et al., 1979; McSween, 1994; Mustard et al., 1997 Mustard et al., , 2005 Bandfield et al., 2000a; Christensen et al., 2001 Christensen et al., , 2005 Bibring et al., 2005] . However, there is evidence for a variety of igneous lithologies, including low, moderate, and high silica compositions [Bandfield et al., 2000a; Hoefen et al., 2003; Hamilton et al., 2003; Bandfield et al., 2004a; Christensen et al., 2005] . Production of this variety of compositions requires igneous mechanisms beyond simple partial melting of mantle material that is assumed to produce basaltic compositions on terrestrial planets [Basaltic Volcanism Study Project, 1981] .
[3] Orbital spectroscopy has provided both geologic context and extensive coverage of the Martian surface with respect to exposed igneous compositions. Visible through thermal infrared (TIR) wavelength spectral measurements have provided highly complimentary information about the mineralogy of the Martian surface. TIR measurements from the Thermal Emission Spectrometer (TES) and the Thermal Emission Imaging System (THEMIS) onboard the Mars Global Surveyor and Mars Odyssey spacecraft respectively have provided information about the bulk surface compositions [e.g., Christensen et al., 2001; Bandfield et al., 2000b; Hoefen et al., 2003; Bandfield et al., 2004a; Hamilton and Christensen, 2005; Christensen et al., 2005] . Near-infrared measurements from the Imaging Spectrometer for Mars (ISM), the Observatoire pour la Minéralogie, l'Eau, les Glaces, et l'Activité (OMEGA), and previous telescopic measurements have provided information about the primary igneous mineralogy from $1 and 2 mm Fe 2+ absorptions. On Mars, these absorptions are dominated by pyroxenes and olivines [e.g., Singer et al., 1979; Mustard et al., 1997 Mustard et al., , 2005 Bibring et al., 2005] .
[4] TES and THEMIS data have been used to identify Martian surface compositions dominated by quartz and plagioclase feldspar [Bandfield et al., 2004a] . The initial identification of these materials was near the central peaks of two craters $95 km apart in northern Syrtis Major. The work presented here shows that these materials are more extensive than initially reported and that the exposures are not necessarily associated with the cratering process.
Data and Methods
[5] The TIR imager on THEMIS consists of a 320 by 240 element uncooled microbolometer array with 9 spectral channels centered at wavelengths between 9 and 15 mm. Spatial sampling is 100 m from the $420 km altitude circular Mars Odyssey spacecraft orbit. Christensen et al. [2004] and Bandfield et al. [2004b] present detailed descriptions of calibration methods and radiometric uncertainties.
[6] For the targets presently described, only TIR imagery was available at the time of this study. Daytime band 9 (12.2 mm) radiance images were used for determination of local and regional morphology. Surface composition is determined using THEMIS bands 1 through 9 at 8 wavelengths between 6.3 and 12.2 mm. All images presented here for determination of surface composition have average surface temperatures of 240 to 255 K. Thermal inertia values were obtained using THEMIS band 9 night time brightness temperature images using a method similar to that of Fergason et al. [2006] .
[7] The methods that were used in this study are described in detail by Bandfield et al. [2004a Bandfield et al. [ , 2004b . Decorrelation stretch (DCS) [Gillespie et al., 1986] THEMIS radiance images were used as the primary means for detecting the possible presence of granitoid composition surfaces. All warm surface (average temperature >220 K) infrared images from the entire THEMIS data set have been processed into three multiple band combination DCS and combined with the corresponding surface temperature image (referred to as 4-panel images below) [Bandfield et al., 2004a] . This method allows for a rapid assessment of spectral variability within an image and can be interpreted in a manner similar to other terrestrial imaging TIR remote sensing studies [e.g., Gillespie, 1992; Ramsey et al., 1999] .
[8] Data used for this study were corrected for atmospheric effects by using the constant radiance offset correction and surface emissivity retrieval algorithms of Bandfield et al. [2004b] . In addition, individual THEMIS pixels can be deconvolved using a set of endmember spectra to create spectral unit concentration maps [e.g., Adams et al., 1986; Gillespie, 1992; Ramsey et al., 1999; Bandfield et al., 2004a Bandfield et al., , 2004b . A linear least-squares fit of end-members to THEMIS pixels is performed and the concentrations and RMS error between measured and modeled spectra are retrieved. For this study, end-members were selected from both TES data and laboratory spectra convolved to the THEMIS spectral band passes in manner similar to that of Bandfield et al. [2004a Bandfield et al. [ , 2004b .
Results
[9] Surfaces of interest were initially identified near the central peaks of two craters in northern Syrtis Major by examining individual 4-panel DCS images (not shown here). Regional coverage of TIR THEMIS data warm enough for spectral examination was nearly 100% at the time of this study (Figure 1 ), which allowed for the identification of additional exposures of similar high silica surfaces (Figure 2 ). The emissivity of these surfaces is lower near 8.5 mm (band 4) and higher from $10-12 mm (bands 6 -8, Figure 3 ) than the surrounding basaltic/basaltic andesite plains [Bandfield, 2002; Ruff, 2003; Christensen et al., 2005] . Surfaces with this spectral signature appear as yellow, yellow, and magenta in the bands 8-7-5, 9-6-4, and 6-4-2 DCS images respectively.
[10] Four separate exposures were identified near the southwest rim of Antoniadi crater (Figure 1) . Two of the exposures occur in knobby terrains that are surrounded by the relatively flat surface of the crater interior. The other two exposures are located in two areas of heavily fractured terrain that lie near the boundary between the southeast rim of Antoniadi crater and an unnamed 75 km diameter crater. These exposures coincide with lower elevations in the region, but are relatively isolated and not ubiquitous. . THEMIS surface emissivity spectra from surfaces exposed in the images shown in Figure 2 . Basaltic plains (black) have higher emissivity in THEMIS bands 4 and 5 and lower emissivity in bands 6 -8 relative to the quartz and feldspar rich surfaces (knobs, fractured terrains, and crater). The north crater spectrum is taken from the previously published central peak unit exposure [Bandfield et al., 2004a] . Emissivities are above unity for many of these spectra because band 3 was used for surface temperature estimation even though there is lower emissivity at these wavelengths relative to bands 1/2 for quartz-rich surfaces.
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[11] The atmospherically corrected surface spectra of the spectrally unique exposures are similar to those previously identified in the central peaks of two craters to the east [Bandfield et al., 2004a] (Figure 3 ). All exposures have absorptions concentrated at shorter wavelengths than the surrounding plains. All of the exposures also have higher $6.8 mm (bands 1/2) emissivity than the surrounding plains, indicating that there is some absorption at 8 mm (band 3) relative to the plains. Some of the 6.8 mm emissivity variation is due to increased noise at these wavelengths, however. The surface spectra from the western fractured terrain do not appear as prominent as the other exposures.
[12] Spectral unit concentration maps were produced by deconvolving bands 3 through 9 of each pixel of the atmospherically corrected data using the regional Mars surface spectrum derived from TES data, a laboratory spectrum of quartz monzonite, a water ice cloud spectral shape [Bandfield et al., 2000b] , and a blackbody spectrum (Figure 4) [Bandfield et al., 2004b] . Average RMS errors between measured and modeled spectra are 0.0027, 0.0033, and 0.0033 for THEMIS images I02020009, I09597020, and I10845006 respectively. RMS errors are anti-correlated with surface temperature and are primarily due to random noise. This indicates that no additional spectral endmembers are necessary to model the data.
[13] Retrieved concentrations of the quartz monzonite spectral end-member are highest in the eastern knobby and fractured terrains (up to 0.4) with lower concentrations in the western knobby terrain (0.3) and western fractured terrain (0.17). The regional Mars surface end-member concentrations are anti-correlated with the quartz monzonite, ranging from $0.2-1.0 for quartz monzonite concentrations of 0.4 -0 respectively.
Discussion
[14] Three of the four granitoid composition surface units are identical within uncertainties to the exposures near the central peaks of craters to the east (Figure 3) . The regional proximity of these surface units to the previously reported central peak exposures implies that they share a similar formation history and may be part of a single lithologic unit. The western fractured terrain exposure is not as prominent as the other exposures and appears to have a significant amount of the plains spectral signature contributing to its emissivity. However, it does have the same spectral trends as the other exposures and occurs in a similar surface morphology as the eastern fractured terrain exposure.
[15] Concentrations of the spectral endmembers from the deconvolution are highly dependent on spectral contrast. The quartz monzonite end-member has relatively low concentrations even where the plains unit concentrations are near zero. This is likely due to the relatively high spectral contrast of the quartz monzonite endmember, which comes from a laboratory spectrum of a rock sample. Nighttime THEMIS temperature data in the region are consistent with particulate surfaces rather than bedrock exposures. Particulate surfaces have roughly half the spectral contrast of broken rock surfaces [Ruff, 1998 ]. Consequently, the areal coverage of the quartz monzonite endmember is roughly double the unit map concentrations (up to 70-80%), consistent with the coincident low plains unit concentrations (0-20%).
[16] Unfortunately, three of the four additional exposures are either too small or too diffuse to be detectable with the higher spectral resolution but lower spatial resolution TES data. In the case of the larger knobby terrain and rough terrain exposures, there is no warm surface coverage of TES data. As a result, the only source of specific mineralogy from TES data remains the northern crater central peak exposure [Bandfield et al., 2004a] . Both TES and THEMIS data are consistent with lithologies dominated by quartz and plagioclase feldspar, such as granitoids.
[17] The granitoid composition surfaces cover a significantly larger region than the two previously identified central peak exposures. Though thermal inertia values indicate that the surfaces are likely composed of loose particulate material, the association of granitoid surfaces with specific surface features and their localized nature suggest that the material has not been transported a significant distance from its source. It is impossible to determine if this composition is continuous in the subsurface where it is not exposed or how much more extensive it may be. There are few surface features of similar morphology (e.g., central peak craters of similar size) as those that coincide with the exposures of quartz and feldspar rich surfaces within the region. It may be a continuous unit within the Martian subsurface, especially as the composition and context of the exposures suggest a subsurface formation. If the granitoid composition is not extensive at depth then it would be remarkable that it is largely confined to the localities that happen to be exposed. However, rock unit distributions can be more complex than a simple continuous body.
[18] Syrtis Major is the only major volcanic construct on Mars that is not mantled with obscuring dust. This has enabled orbital remote sensing to gain insight into the variety of igneous compositions present at the surface in the region [Mustard et al., 1997; Bandfield, 2002 [Hiesinger and Head, 2004] . The granitoid compositions had to be present and exposed prior to this resurfacing event. This association may disassociate the granitoid exposures from the Syrtis Major construct.
[19] It is difficult to postulate on what the formation mechanisms may be outside the paradigm of plate tectonics, which is the dominant factor for producing differentiated magma compositions on Earth. However, large quantities of granitoid rocks were produced as trondhjemites on Earth by partial melting near the base of thick sequences of basaltic crust at 2.8 to 3.8 Ga, prior to the establishment of modern plate tectonics [Barker, 1979] . Though such a formation mechanism is plausible on Mars, there is little evidence available at this time to either support or refute it [Bandfield et al., 2004a] .
Conclusions
[20] Identified quartzofeldspathic surfaces in northwestern Syrtis Major have been extended beyond previously reported results to a region about 230 by 125 km. While it is impossible from the existing data to determine the extent of any alteration, these surfaces indicate that there are mechanisms on Mars that produce highly differentiated magmas. Though it is possible that the granitoid exposures add to the variety of igneous compositions associated with the Syrtis Major volcanic construct, the geologic context of these exposures suggests a formation that predates Syrtis Major.
